Detection of a sexually transmitted pathogen in a child is suggestive of sexual abuse. Consequently, there are very strong clinical, social and legal reasons for diagnosing sexually transmitted disease in children correctly. Carefully considered protocols should be established for all stages of the microbiological investigation. All procedures, from specimen collection to report generation, should be undertaken to the highest possible standard with appropriate documentation. For the more commonly identified sexually transmitted pathogens in the paediatric population, the gold standard of diagnosis in the microbiology laboratory remains culture in vitro because this method offers maximum specificity. Whenever possible, culture must be followed by appropriate confirmatory tests. This highly exacting approach has significant resource and organisational implications and some tests may have to be centralised. The effective provision of an appropriate service for these cases is dependent on the local laboratory collaborating closely with hospital paediatricians and other microbiology laboratories.
Introduction
It is now accepted that the possibility of child sexual abuse (CSA) should be considered whenever a sexually transmitted pathogen is detected in a child. The diagnosis of CSA has far reaching medical, psychosocia1 and legal implications and, consequently, the clinical management of suspected cases requires great care and attention to detail. The detection of a sexually transmitted pathogen may lead to familial or official intervention, or both, that could improve the child's social circumstances. Furthermore, the presence of sexually transmitted pathogens may be used as supportive evidence of CSA in a Court of Law. On the other hand, misleading results may have very damaging consequences. False-positive results may trigger management decisions that cause unnecessary psychosocial stress to child and family members and, additionally, may render the hospital liable to legal action. Conversely, false-negative results may inadvertently allow a continuation of abuse. These considerations dictate that tests for the microbiological investigation of suspected CSA are performed to the highest possible standard, that procedures are properly documented, and that laboratory methods have maximum sensitivity and specificity.
Epidemiological background
Most epidemiological studies on sexually transmitted disease and CSA have originated from the USA and these have identified a clear relationship between sexual abuse and infection with the sexually transmitted pathogens Neisseria gonorrhoeae [ 1-51, Treponema pallidum [ 1, 51, Chlamydia trachomatis [5] , Trichomonas vaginalis [I] and human papilloma virus (HPV) [5] . Published case reports on infection with herpes simplex virus (HSV) [6, 71, HPV [8] and human immunodeficiency virus (HIV) [9] in sexually abused children suggest the same association. Although epidemiological data are currently unavailable, there is concern that the prevalence of HIV infection in sexually abused children in the USA is increasing [lo] . The role of sexual spread in the aetiology of infection by Gardnerella vaginalis and Mycoplasma hominis is less clear, but some studies have demonstrated a higher rate of detection of these organisms in groups of abused children compared with control groups [I 1 -13] . UK data on sexually transmitted disease (STD) in CSA are scarce, but it is reasonable to assume that a similar association exists. This relationship implies that the diagnosis of a STD in a child is suggestive of CSA, and it has been shown that historical evidence of CSA can be obtained in the majority of cases of infection with A? gonorrhoeae [5] , C. trachomatis [5] , HSV [7] and HPV [5] .
Non-sexual spread of a sexually transmitted pathogen may give rise occasionally to infection in children. Antenatal and perinatal transmission are recognised modes of spread in many infections caused by sexually transmitted pathogens. The debate over the role of fomites in the transmission of sexually transmitted disease has been long running. N. gonorrhoeae can survive in secretions for up to 74 h, depending on the type of surface [14] , suggesting that indirect spread may, at least theoretically, give rise to infection. However, there is no convincing evidence of spread by fomites and sexual transmission is considered to be the predominant mode of transmission. Similarly, 7: vaginalis can survive on damp fabrics for several hours [15] and, although non-sexual spread is theoretically possible, sexual contact is considered to be the most likely cause of infection with this organism. Spread by fomites has also been implicated in molluscum contagiosum [ 1 61.
Laboratory investigation

Specimen collection
A recent report [ 171 recommended investigation for N. gonorrhoeae, C. trachomatis, 7: vaginalis and 7: pallidum in all cases, combined with additional investigations for other pathogens when clinical findings suggest their presence. The same report recommended specimen collection from multiple body sites in all cases of suspected CSA. Vaginal (or penile), rectal and pharyngeal specimens were recommended for N. gonorrhoeae investigation, vaginal (or penile) and rectal specimens for C. trachomatis, and a vaginal specimen only for 71 vaginalis. Additionally, a serum specimen was advised for 57 pallidurn antibody tests and storage for possible future hepatitis B virus (HBV) or HIV testing, or both. The importance of properly timed repeat investigations, given that recently acquired infections may escape detection at the initial screen, has been emphasised [ 181. Extensive investigation involving careful specimen collection is traumatic for the child and has a low yield, but the justification for a painstaking approach is that infection in CSA is often asymptomatic, an accurate history is difficult to obtain and a positive result has highly significant implications.
A local policy for the routine microbiological investigation of CSA should be drawn up by a group comprising paediatricians and medical microbiologists, and made available to all hospital personnel involved in the investigation of CSA cases. It is the responsibility of this group to define the extent of investigation in an asymptomatic case. It seems reasonable, taking into account the balance of probability and anticipated yield, that investigation could be limited in asymptomatic children to tests for N. .gonorrhoeae, C. trachomatis and 57 vaginalis (Table 1) . However, the policy should indicate possible additional microbiological investigations depending on individual social circumstances and clinical features (Table 2 ). Availability at all times, at the point of use, of appropriate swabs and transport media is central to the successful implementation of such a policy.
Legal considerations dictate that there should be Cell culture followed by confirmation Usually a clinical diagnosis Light microscopy or electron microscopy may be helpful as in Table 1 as in Table 1 Cell culture for 3 days evidence of continuity of transfer of specimens from the time of collection to receipt by the laboratory. This implies that clinical or laboratory staff should deliver specimens personally to the laboratory, and that the identity of individuals involved in this stage of the investigation should be recorded.
Specimen processing
Quality assurance is a major consideration in the dayto-day management of a pathology laboratory, to the extent that staff should emphasise the need for great care in the processing of all specimens irrespective of the clinical context. CSA specimens merit special attention for the reasons mentioned above, and laboratory protocols should give clear instructions on the handling of specimens, performance of tests and appropriate action to be taken when a positive result is obtained.
Work done on each specimen should be documented at all stages of the investigation. This documentation should include records of the date and time that the specimen is received by the laboratory and of the tests performed. Given that the results of laboratory investigations may be used as legal evidence, the identity of key individuals involved in laboratory investigation of the specimens should be documented. All laboratory tests should be performed by experienced personnel. Maintaining confidentiality at all stages of the investigation is essential and, in line with this, reports should be despatched in confidential envelopes addressed to the clinical consultant or another authorised individual.
All request forms, laboratory records, serum specimens and isolates should be stored for an agreed period of time. Sending isolates to reference laboratories for independent confirmation should be considered [ 1 81.
Choice of methods
Medical, psychosocial and legal considerations dictate that laboratory methodology should be as reliable and accurate as possible. N. gonorrhoeae, C. trachomatis, i7 vaginalis and HSV are routinely cultivable sexually transmitted pathogens and the gold standard methodology for their detection is culture. This methodology offers the opportunity to achieve maximum test specificity. In addition, the use of culture (followed, when appropriate, by confirmation) minimises the risk of false-positive results that may arise when other methods are used. Furthermore, contamination of the vagina with oral and faecal flora, which occurs readily in younger age groups because of imperfect hygiene, re-inforces the importance of using highly specific tests in this age group. Culture methods also offer high sensitivity; in suspected CSA cases there are potential difficulties in obtaining specimens containing sufficient N gonorrhoeae. In adult cases of gonococcal infection, light microscopy of a smear with Gram's stain yields valuable presumptive information. The sensitivity with Gram's stain of urethral discharge in male urethritis is very high, but is much lower in females when endocervical secretions are examined [20] . The presence of intracellular gram-negative diplococci in the urethral discharge of sexually active adult males has a high predictive value and treatment may be instituted on the basis of this result. However, the predictive value of this finding is reduced in low risk patients, particularly children in whom contamination of the genital area by oropharyngeal organisms (including Neisseria spp.) may occur as a result of auto-inoculation. Therefore a smear examined with Gram's stain has little to offer in the investigation of suspected CSA. Culture on a selective medium, followed by thorough confirmatory testing, is central to the diagnosis of gonococcal infection in these cases [211*
Despite the inclusion of selective agents, N. meningitidis [22] , N. lactamica [22] , N. polysaccharea [23] , Kingella denitrijicans [24] and some strains of N. cinerea [24] are able to grow on commonly used gonococcal culture media. Strains of these species may resemble N. gonorrhoeae microscopically and macroscopically and, like N. gonorrhoeae, will give rise to a positive oxidase reaction. Further confirmatory testing is, therefore, essential for the routine identification of N. gonorrhoeae, and three different methodologies-carbohydrate utilisation, enzyme detection and immunological tests-are available routinely. None of these tests used in isolation is adequate for confirmation of N gonorrhoeae, and these tests are, therefore, usually performed in combination.
In the carbohydrate utilisation tests [25] , Neisseria spp. produce a characteristic pattern of acid formation from bacterial action on a range of sugars, including glucose, maltose, lactose and sucrose. A? gonorrhoeae degrades glucose only, and therefore cannot be distinguished from K. denitvzjicans which produces identical reactions with the commonly used carbo-hydrates [26] . Some strains of N. gonorrhoeae are weak producers of acid from glucose and may not produce a detectable positive result in the glucose test [27] , making them indistinguishable from unreactive species such as N. cinerea, N. Java and Branhamella catarrhalis (sic). Conversely, some strains of N. meningitidis are maltose-negative and may be misidentified as N. gonorrhoeae [28] .
Chromogenic enzyme substrate tests enable differentiation of strains by detection of species-specific enzymes [20] . N. gonorrhoeae possesses the hydroxyprolylaminopeptidase enzyme [29] , as do some nonpathogenic Neisseria spp. including N. cinerea [24] and K. denitrlJicans [24] .
The two immunological methods that are used most commonly for cultural confirmation are fluorescent antibody [30] and co-agglutination [3 11 tests. These tests incorporate a monoclonal antibody (MAb) specific to several gonococcal 1A and 1B proteins. Although the introduction of MAbs in place of polyclonal antibodies has improved the specificity and sensitivity of both methods greatly [20] , problems have been encountered when these tests have been used. Cross-reactions have been observed with other Neisseria spp. in the coagglutination tests; thus in one commercial test (Phadebact Monoclonal GC OMNI Test) [32] cross-reactions were observed when N. lactamica, N cinerea and B. catarrhalis (sic) were tested, while another test (GonoGen) [32] gave a falsepositive result with N. meningitidis. Despite proven high sensitivity, there is concern that these MAb-based methods may fail to detect strains with novel epitopes [32] . Moreover, the failure of a penicillinase-producing strain of N gonorrhoeae to fluoresce has been reported [3 31.
In an investigation of 40 paediatric isolates that were identified initially as N. gonorrhoeae by clinical microbiology laboratories in the USA, 14 were found to belong to species other than N. gonorrhoeae when tested at a reference laboratory [21] . Of these isolates, four were identified as N. cinerea, three as M. catarrhalis, three as N. lactamica, one as K. denitriJicans and one was unidentifiable. The results of this investigation underline the importance of thorough and accurate confirmatory testing and the authors recommended the use of at least two confirmatory methods.
C. trachomatis. Immunological methods have become increasingly popular in the diagnosis of C. trachomatis infection in adults, and ELISA has an established role as a screening test for chlamydia in adult STD clinic patients. The sensitivity of this method is low [34, 351, but may be enhanced by multiple swabbing [35] . However, this approach is traumatic for children and the achievable level of sensitivity remains unacceptable in the investigation of suspected CSA. The specificity of the test is higher than its sensitivity [34, 351. However, the positive predictive value is reduced in a low prevalence population; this renders the test unacceptable in low risk cases [36] . False-positive results may result from the presence in the anogenital flora of organisms (Escherichia coli, Acinetobacter calcoaceticus, N. gonorrhoeae, group B streptococci and G. vaginalis) that cross-react with chlamydiae [34] . When rectal specimens are tested, non-specific binding of unknown faecal constituents to mouse immunoglobulin is responsible for some false-positive results [37] . Moreover, faecal contamination of the genital area is more likely to occur in children.
The sensitivity and specificity of the direct immunofluorescence (DIF) test are higher than those of the ELISA test [38] . However, in the DIF test, nonspecific binding of Fc receptor-bearing protein to labelled antibody may render some staphylococcal species fluorescent [39] . Furthermore, the presence of fluorescing artefactual bodies [40] , which are seen most commonly in rectal specimens, may also give rise to false-positive results, particularly in inexperienced hands. The sensitivity of the DIF test is low [41] [42] [43] ; in a study of abused children [41] and a study of 'at risk' children [42] , the yield from the DIF test was considerably lower than that from cell culture .
Cell culture is more specific than antigen detection tests and is the method of choice in CSA cases, given the medico-legal dimension to these cases [36] . Antigen detection tests should not be used alone in this context; low test specificity means that positive results would not be acceptable in a Court of Law [36] . However, use of the DIF test, in conjunction with cell culture, is justified because the adequacy of the specimen can be noted readily during microscopic visualisation of the smear. This feature of the test is of particular value in paediatric investigation because of potential difficulties in obtaining adequate samples. Furthermore, DIF-positive yet culture-negative results are a recognised finding [43] ; these should then be a trigger of repeat culture for C. trachomatis.
7:
vaginalis. In the detection of IT: vaginalis, direct microscopy of a wet mount film prepared from a vaginal swab has modest sensitivity, but very high specificity [44] . Culture in a liquid medium is the most sensitive method [45] for the detection of 7: vaginalis, but it is an imperfect gold standard with sub-optimal sensitivity [45] . Sensitivity seems to be dependent, at least partly, on inoculum size, which may be small in paediatric specimens [45] . Wet mount microscopy is less sensitive [44] , but has a potentially valuable role because a wet mount-positive result in the face of negative culture is an occasional finding [44] . There are differences in sensitivity between different mehia; Diamond's medium and modified Diamond's medium perform better than other media [46] .
Herpes simplex virus.
Immunologically based methods-especially DIF [47, 481 and ELISA [49] -have, as in the case of C. trachomatis, an established role in the diagnosis of genital herpes in adults but, again, these methods are not suitable in paediatric cases. The sensitivities and specificities of both methods are high [47] [48] [49] , but not high enough to justify their use in CSA investigation. Cell culture for HSV remains the gold standard method for the investigation of suspected CSA cases [50] . Confirmatory tests are essential in identification of HSV since a cytopathic effect resembling that of HSV may occur when other viruses or substances such as urine or semen are present in the specimen [51] .
Other pathogens. Serological methods have an established role in the investigation of 7: pallidum, HBV and HIV infection in adults. These methods are generally very reliable for these infections and are suitable for use in the CSA context with appropriate indications and counselling. In keeping with the need to exercise great care in CSA cases, further serum specimens should be tested for confirmation if a positive result is obtained. Molluscum contagiosum is usually diagnosed on clinical examination but, where there is doubt, smears of lesion material may be examined for inclusion bodies by light microscopy, or for viral particles by electron microscopy. Genital warts are diagnosed clinically and the routine laboratory has, at present, nothing to offer in terms of microbiological confirmation or typing. However, when local symptoms and signs are present, investigations for other bacterial pathogens should be performed according to normal laboratory protocols. Diagnosis of bacterial vaginosis is clinically important because it is a treatable condition. However, this condition has little forensic significance, given its weak association with CSA, and culture for G. vaginalis cannot be considered mandatory. A laboratory that uses microscopy only to diagnose bacterial vaginosis has no reason to change its protocol for CSA cases.
Organisational considerations
The adoption of cultural techniques for CSA investigation will have organisational implications for many laboratories. Culture for N gonorrhoeae is part of the repertoire of all diagnostic laboratories, and properly controlled confirmatory tests on isolates are an established part of the investigation. Some laboratories may have to arrange additional confirmatory test(s) for this organism, and this would mean sending the isolate to another laboratory. Culture of C. trachomatis and HSV involves the use of cell culture methods, but these are unavailable in most district general hospital laboratories. This implies that CSA specimens would have to be referred in many cases to laboratories that are able to provide a cell culture service. The laboratories which perform only direct microscopy for 7: vaginalis may consider adopting a culture method or referring the specimen to another laboratory. Provision of a centralised culture service for these pathogens is acceptable if appropriate transport media are available at the point of use and if there is no undue delay in transport. Infections by 7: pallidum, HBV and HIV are diagnosed almost always by serology, and this methodology is within the capability of a routine laboratory, but also lends itself to centralisation.
Conclusions
The microbiological investigation of suspected CSA cases demands laboratory practices that are carefully considered and optimal. There should be close liaison with paediatricians and a high level of technical expertise in the laboratory. The performance of reliable and accurate tests should be accompanied by adherence to correct procedures in all cases. Correctly made laboratory diagnoses may alter management to the benefit of the child, yet the laboratory may still have to defend its procedures, methods and results in a Court of Law. Erroneous results may lead to inappropriate management decisions, with potentially damaging consequences for individuals concerned and for the hospital, which may face subsequent legal action. It is imperative that the risk of misidentification in the laboratory is minimised as far as possible and that procedures undertaken in suspected CSA cases are clinically optimal and legally unassailable.
The use of routine cultural methods in suspected cases of CSA is essential because these methods come closest to fulfilling exacting clinical and legal requirements. Thus standards for methods of investigation for N. gonorrhoeae, C. trachomatis, 7: vaginalis and HSV in suspected CSA cases differ from what is considered acceptable in adult cases.
There are significant organisational and resource implications in introducing and providing an appropriate service for CSA cases, but these are not insurmountable. However, it is clear that effective microbiological investigation by the laboratory of these difficult but extremely important cases depends on close collaboration with the paediatric department and, in many cases, with other microbiology laboratories.
